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HIGH TEMPERATURE DISK
CONDITIONING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a nonprovisional of, and claims prior-
ity to, and the benefit of U.S. Provisional Application No.

62/029,237, entitled “HIGH TEMPERATURE DISK CON-
DITIONING SYSTEM,” filed on Jul. 25, 2014, which 1s

hereby incorporated by reference 1n 1ts entirety.

FIELD

The present disclosure relates to gas turbine engines, and,
more specifically, to conditioning disks 1n a compressor or
turbine of gas turbine engines.

BACKGROUND

As higher pressures are achieved in compressors of gas
turbine engines, the temperature of compressed air leaving,
the compressors may increase as well. As a result, the
temperature differential between the proximal and distal end
of rotor disks 1n a compressor or turbine may cause thermal
stress. Temperatures at the distal end of blades mounted to
a rotor disk of a high-pressure compressor may reach 1,500°
F. (815° C.) as the gas turbine engine accelerates. Mean-
while, the proximal portion of the rotor disk upon which the
blade 1s mounted may only be at 400° F. (203° C.) during
engine acceleration. The temperature gradient between the

blade and proximal portion of the rotor disk may decrease
the life of the rotor disks.

SUMMARY

A gas-circulation system for conditioning a disk 1n a gas
turbine engine may comprise a lirst takeofl port configured
to extract a combusted gas and a second takeofl port
configured to extract an uncombusted gas. A first valve may
comprise an inlet in fluild communication with the first and
second takeofl ports and an outlet of the first valve 1n tfluid
communication with the disk.

In various embodiments, the gas-circulation system may
turther comprise a second valve fluidly coupled between the
outlet of the first valve and the disk. A first thermocoupling
may be thermally coupled to an outlet of the second valve.
A second thermocoupling may be thermally coupled to the
outlet of the second valve. The second valve may be
configured to fail in a closed position.

In various embodiments, the gas-circulation system may
turther comprise a combustor with the first takeotl port 1n
fluid communication with the combustor, a turbine 1n fluid
communication with and configured to be driven by the
combusted gas from the combustor, and a compressor 1n
fluid communication with and configured to supply the
uncombusted gas to the combustor. The second takeofl port
may be 1n fluid communication with the compressor. The
first takeoll port may extract the combusted gas forward of
the turbine. The first takeofl port may extract the combusted
gas from a location between a high-pressure turbine and a
low-pressure turbine. The first takeofl port may extract the
combusted gas from a high-pressure turbine. A second valve
may comprise an 1nlet 1n flud communication with the first
and second takeoll ports, and an outlet of the second valve
may be in fluild communication with the disk 1n the com-
Pressor.
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In various embodiments, a gas-circulation system for
conditioning a compressor disk of an aircrait may comprise
a non-transitory memory communicating with a controller,
the non-transitory memory having instructions stored
thereon that, in response to execution by the controller,
cause the processor to perform operations. The operations
are carried out by a controller and may comprise command-
ing an actuator to open and close a valve that outputs a
mixed gas. The mixed gas may comprise at least one of an
uncombusted gas and a combusted gas. The operations may
further comprise determining an engine speed, comparing
the engine speed to closing criteria, and concluding that a
failure occurred 1n the valve 1f a state of the valve 1s open 1n
response to the engine speed being within the closing
criteria.

In various embodiments, a non-transitory computer read-
able storage medium may bear instructions for conditioning
a compressor, the mnstructions, when executed by a proces-
sor, cause said processor to perform operations comprising
commanding an actuator to open and close a valve that
outputs a mixed gas. The mixed gas may comprise at least
one of an uncombusted gas and a combusted gas. The
operations may further comprise determining an engine
speed, comparing the engine speed to closing criteria, and
concluding that a failure occurred 1n the valve 11 a state of
the valve 1s open in response to the engine speed being
within the closing criteria.

The forgoing features and elements may be combined 1n
various combinations without exclusivity, unless expressly
indicated herein otherwise. These features and elements as
well as the operation of the disclosed embodiments wall
become more apparent 1n light of the following description
and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure 1s particularly
pointed out and distinctly claimed 1n the concluding portion
of the specification. A more complete understanding of the
present disclosure, however, may best be obtained by refer-
ring to the detailed description and claims when considered
in connection with the figures, wherein like numerals denote
like elements.

FIG. 1 1llustrates cross-sectional view of an exemplary
gas turbine engine, 1 accordance with various embodi-
ments.

FIG. 2 illustrates the primary-flow gas path 1n a gas
turbine engine through the high-pressure compressor, com-
bustor, high-pressure turbine, and low-pressure turbine, in
accordance with various embodiments.

FIG. 3A 1llustrates a disk conditioning system for a gas
turbine engine using combusted gas extracted from the gas
path forward of the turbines, 1n accordance with various
embodiments.

FIG. 3B illustrates a disk conditioning system for a gas
turbine engine using combusted gas extracted from the gas
path in the high-pressure compressor, 1n accordance with
various embodiments.

FIG. 3C 1llustrates a disk conditioning system for a gas
turbine engine using combusted gas extracted from the gas
path between the high-pressure compressor and low-pres-
sure compressor, 1n accordance with various embodiments.

FIG. 4 1llustrates a flow chart of an exemplary method-
ology for controlling a heating system, in accordance with

various embodiments.

DETAILED DESCRIPTION

The detailed description of exemplary embodiments
herein makes reference to the accompanying drawings,
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which show exemplary embodiments by way of illustration.
While these exemplary embodiments are described 1n sui-
ficient detail to enable those skilled 1n the art to practice the
inventions, 1t should be understood that other embodiments
may be realized and that logical changes and adaptations in
design and construction may be made 1n accordance with
this invention and the teachings herein. Thus, the detailed
description herein 1s presented for purposes of illustration
only and not of limitation. The scope of the mvention 1is
defined by the appended claims. For example, the steps
recited 1n any of the method or process descriptions may be
executed 1n any order and are not necessarily limited to the
order presented. Furthermore, any reference to singular
includes plural embodiments, and any reference to more
than one component or step may include a singular embodi-
ment or step. Also, any reference to attached, fixed, con-
nected or the like may include permanent, removable, tem-
porary, partial, full and/or any other possible attachment
option. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or mini-
mal contact.

Furthermore, any reference to singular includes plural
embodiments, and any reference to more than one compo-
nent or step may include a singular embodiment or step.
Surface shading lines may be used throughout the figures to
denote different parts but not necessarily to denote the same
or diflerent materials.

As used herein, “aft” refers to the direction associated
with the tail (e.g., the back end) of an aircraft, or generally,
to the direction of exhaust of the gas turbine. As used herein,
“forward” refers to the direction associated with the nose
(c.g., the front end) of an aircraft, or generally, to the
direction of flight or motion.

As used herein, “distal” refers to the direction radially
outward, or generally, away from the axis of rotation of a
turbine engine. As used herein, “proximal” refers to a
direction radially inward, or generally, towards the axis of
rotation of a turbine engine.

Referring to FIG. 1, a gas turbine engine 100 (such as a
turbofan gas turbine engine) 1s 1illustrated according to
various embodiments. Gas turbine engine 100 1s disposed
about axial centerline axis 120, which may also be referred
to as axis of rotation 120. Gas turbine engine 100 may
comprise a fan 140, compressor sections 150 and 160, a
combustion section 180, and a turbine section 190. Air
compressed 1n the compressor sections 150, 160 may be
mixed with fuel and burned 1n combustion section 180 and
expanded across turbine section 190. Turbine section 190
may 1nclude high-pressure rotors 192 and low-pressure
rotors 194, which rotate in response to the expansion.
Turbine section 190 may comprise alternating rows of rotary
airfoils or blades 196 and static airfoils or vanes 198. A
plurality of bearings 115 may support spools in the gas
turbine engine 100. FIG. 1 provides a general understanding,
of the sections 1n a gas turbine engine, and 1s not intended
to limit the disclosure. The present disclosure may extend to
all types of turbine engines, including turbofan gas turbine
engines and turbojet engines, for all types of applications.

The forward-aft positions of gas turbine engine 100 lie
along axis of rotation 120. For example, fan 140 may be
referred to as forward of turbine section 190 and turbine
section 190 may be referred to as aft of fan 140. Typically,
during operation of gas turbine engine 100, air flows from
torward to ait, for example, from fan 140 to turbine section
190. As air flows from fan 140 to the more aft components
of gas turbine engine 100, axis of rotation 120 may also
generally define the direction of the air stream flow.
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FIG. 2 illustrates the primary flow gas path through gas
turbine engine 200, in accordance with various embodi-
ments. Gas turbine engine 200 may include case 202,
high-pressure compressor 204, combustor 206, high-pres-
sure turbine 208, and low-pressure turbine 210. Gas may
flow 1nto high-pressure compressor 204 along gas path 212.
Gas flowing through high-pressure compressor 204 along
gas path 212 may be compressed, resulting 1n an 1ncrease 1n
pressure and temperature relative to the pressure and tem-
perature upon entering high-pressure compressor 204.
Uncombusted gas i gas path 212 leaving high-pressure
compressor 204 may be referred to as T3 gas. T3 gas may
have a varying temperature at different engine speeds. The
temperature of T3 gas may be about 400° F. (205° C.) when

gas turbine engine 200 1s at 1dle speeds and may reach about
1,100° F. (393° C.) or higher as gas turbine engine 200
accelerates for takeofl, where the term ‘“‘about” in this
context only may refer to +/-200° F. Diflerent engines may
have higher temperatures or lower temperatures at each
stage. T3 gas may be present at location 214 of gas turbine
engine 200. T3 gas leaving the high-pressure compressor
may then flow into combustor 206 to supply combustor 206
with air for combustion.

In various embodiments, uncombusted 13 gas may be
mixed with fuel and burned 1n combustor 206. Combusted
gas 1n combustor 206 may be referred to as T4 gas. T4 gas
may leave combustor 206 and enter high-pressure turbine
208. T4 gas may reach or exceed temperatures of up to
3,500° F. (1,925° C.) or hugher. T4 gas may be located at
location 216, for example. T4 gas leaving combustor may
follow gas path 212 to drive high-pressure turbine 208.

In various embodiments, combusted gas that has entered,
but not exited, high-pressure turbine 208 may be 1dentified
as '14.25 gas. T4.25 gas may be significantly cooler than T4
gas exiting combustor 206. For example, 1T4.25 gas may be
at temperatures of about 1,000° F.-2,000° F. (537° C.-1,093°
C.), where the term “about” 1n this context only may refer to
+/-500° F. T4.25 gas may be located at location 218, for
example. The T4.25 gas then follows out high-pressure
turbine 208 and into low-pressure turbine 210 along gas path
212.

In various embodiments, combusted gas exiting high-
pressure turbine 208 and entering low-pressure turbine 210
may be referred to as T4.5 gas. T4.5 gas may be cooler than
14.25 gas found 1n the high-pressure compressor or 14 gas
exiting the combustor. For example, T4.5 gas may be about
1,500° F. (815° C.) degrees at idle, where the term “about™
in this context only may refer to +/-500° F. 'T4.5 gas may be
located at location 220 1n gas path 212, for example. The
14.5 gas then follows gas path 212 1nto low-pressure turbine
210.

In various embodiments, high-pressure compressor 204
includes aft disks 222 and forward disks 224. Both aft disks
222 and forward disks 224 may rotate to compress gas 1n gas
path 212. Aft disks 222 and forward disks 224 may include
blades at a distal end of the disks and a bore through the
proximal portion of the disk. As engine speed 1s increased
such as during a run-up from ground 1dle to takeofl power,
the temperatures at the distal portions of aft disks 222 and
forward disks 224 may increase more quickly than the
temperature of the more proximal portion of aft disks 222
and forward disks 224, causing a large temperature gradient
along aft disks 222 and forward disks 224 that runs from
higher temperature at the distal ends to lower temperature at
the proximal portions of the aft disks 222 and forward disks
224. The temperature gradient may be larger 1in aft disks 222
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than the temperature gradient in forward disks 224 owing to
the much higher temperature excursion there.

In various embodiments, high-pressure turbine 208
includes disks 226. As engine speeds increase, temperatures
at the distal ends of disks 226 adjacent to blades increase
more quickly than temperatures at the proximal portion of
disks 226 adjacent to the bore. A temperature gradient may
increase between the distal ends and proximal portions of
disks 226 as gas turbine engine 200 accelerates for takeoitf.
Shaft 232 mechanically couples aft disks 222 of high-
pressure compressor 204 with disks 226 of high-pressure
turbine 208.

FIG. 3A illustrates a disk conditioning system for gas
turbine engine 200, 1n accordance with various embodi-
ments. The disk conditioning system primarily preheats
disks 1n eirther the turbine or the compressor or both to
reduce a thermal gradient within the disks during takeofl.
Takeofl port 250 penetrates case 202 to reach the T3 gas
leaving high-pressure compressor 204 prior to entering
combustor 206. Takeofl port 250 extracts uncombusted T3
gas. Takeofl ports 256 and 250 are shown at separate
locations but these might be made concentric such that the
cooler takeofl port 250 could immediately quench the
extremely high temperatures 1n takeoll port 256 and thereby
also reduce the temperatures of conduit 258. Takeofl port
250 may be made of a high performance nickel-chromium
alloy such as an austenitic nickel-chromium-based superal-
loy (e.g., INCONEL), metals, natural or synthetic polymeric
matenals (e.g., natural rubber and polytetrafluoroethylene),
or other materials suitable to withstand T3 gas temperatures
that may exceed 1,100° F. (593° C.) degrees when gas
turbine engine 200 1s operating at takeoll speeds. The gas
extracted by takeofl port 250 may flow through conduit 252
into mlet 254 of valve 255. Conduit 252 may be may be pipe
or tubing made from metal, natural or synthetic polymeric
materials (e.g., natural rubber and polytetratluoroethylene),
ceramic or any material suitable to withstand T3 gas tem-
peratures. Conduit 252 may be insulated to prevent heat
exchange while the T3 gas 1s 1n conduit 2352.

In various embodiments, takeoil port 256 may penetrate
a liner of combustor 206 to reach T4 gas. Takeodfl port 256
1s configured to extract gas from combustor 206 and trans-
port the T4 gas through conduit 258 into inlet 260 of valve
255. Takeofl port 256 may include opemngs through the
sidewalls to quickly quench the T4 gas as it 1s extracted from
combustor 206 to manage the temperature of the combusted
gas. Takeofl port 256 may be made of a high performance
nickel-chromium alloy such as an austenitic nickel-chro-
mium-based superalloy (e.g., INCONEL), metals, ceramics
or other materials suitable to withstand T4 gas temperatures
that may reach 3,500° F. (1,925° C.) degrees or higher when
gas turbine engine 200 1s operating at high speeds. Gas
temperatures and thermal profiles 1n the combustor can be
dramatically moderated by leaking cooler air into the com-
bustor surrounding takeofl port 256 to control T4 tempera-
tures. Conduit 258 may be pipe or tubing made from metals
including a single crystal alloy, ceramic, or any material
suitable to withstand or any material suitable to withstand T4
gas temperatures. Conduit 258 may be 1nsulated to prevent
heat loss during transmission.

In various embodiments, valve 255 may be a combination
mixing valve and shut-ofl valve. Inlet 234 of valve 255 may
receive uncombusted 13 gas from takeodl port 250, and 1nlet
260 of valve 255 may receive combusted T4 gas from
takeoll port 256. Valve 255 mixes the uncombusted 13 gas
with the combusted T4 gas to produce a gas mixture with a
desired temperature. For example, the gas mixture may have
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a predetermined desired temperature from about 800° F.-1,
200° F. (426° C.-630° C.), where the term “about” in this
context only may refer to +/-200° F. Other temperatures
may be possible as the gas mixture may be mixed to achieve
any temperature 1n the range between the 13 gas temperature
and the T4 gas temperature. For example, valve 255 may
output a mixture comprising 100% T4 gas at 1dle to provide
a mixture at the T4 gas temperature. Similarly, valve 255
may output a mixture comprising 100% 13 at takeoil
maximum power gas to provide a mixture at the T3 gas
temperature. Valve 255 may also output any intermediate
mixture of T3 and T4 gas such as 33% T3 gas and 67% T4
gas to provide an intermediate temperature gas.

In various embodiments, valve 255 may comprise a
remote actuator located in a relatively cool part of the
nacelle to open and close valve 255. The remote actuator
may adjust the amount of T4 gas and T3 gas 1n the mixture
leaving valve 2355 through outlet 261. Thus, valve 255 may
be used to control the temperature of the mixed gas. Valve
255 may also operate as a shutofl valve by preventing gases
from tlowing out through inlet 254 or inlet 260. Valve 255
may also close outlet 261 and prevent any gas from flowing
from outlet 261 as desired. For example, when gas turbine
engine 200 1s operating at ground 1dle speeds before takeofl,
valve 255 may be opened to provide the mixture of com-
busted and uncombusted gases. At ground idle, the high-
pressure turbine may be rotating at 50% to 70% of the
maximum RPM for the high-pressure turbine. When gas
turbine engine 200 1s operating at speeds above ground 1dle
during takeofl, or when the aircraft 1s 1 flight, valve 255
may be completely closed to prevent gas from flowing
through outlet 261.

In various embodiments, gas flows out outlet 261 and
through conduit 262 into valve 264. Valve 264 may be a
redundant shutoll supplementing valve 255 and also allow
flow from the outlet of valve 264 to be completely closed as
desired. Valve 264 provides a redundant flow control with
valve 255 to stop the tlow of mixed gas through the heating
system 1n the event of a failure in valve 255. For example,
valve 255 may fail in a hot condition allowing a high
temperature mixed gas to pass through outlet 261 and nto
valve 264. Valve 264 may be remotely closed to prevent the
high-temperature mixed gas from tlowing through valve 264
into conduit 266.

In various embodiments, valves 255 and 264 may be
cycled every flight to test for correct valve operation.
Correct valve operation may be detected in part using
temperature readings from redundant thermocouplings 267,
which may be thermally coupled to valve 255, by determin-
ing 11 the air temperature 1s too high when valve 255 should
be closed. If a valve 255 1s detected as failing 1n the open or
hot position, valve 264 may be closed to stop the gas tlow,
the engine speed may be reduced, and the valve may be
repaired and checked before the next flight. If valve 255 1s
detected as failing in a closed or cold position, the system
can be repaired and checked before the next tlight.

In various embodiments, a second, redundant heating
system including a second valve 255 and valve 264 may be
installed 1 parallel with the first heating system. The
functionality of each redundant system may be as described
above. With a redundant heating system, 11 a valve 235 fails
in the open or too hot position 1n one heating system the
redundant heating system can counter the action of the failed
system by providing cooler T3 gas or closing and providing
no gas so that less heating i1s provided. The failed system
may then be repaired and checked before the next tlight. I
one heating system fails in the closed or too cold position,
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then the redundant system can counter the action of the
tailed system by providing preheating to aft disks 222 and
disks 226. The failed system may be replaced and checked
at a future time.

In various embodiments, mixed gas flows through valve
264 when the valve 1s open, through conduit 266 and into
insulated conduit 268. Thermocouplings 267 may be located
at any point downstream from valve 264 to measure the gas
temperature. The temperature measurements from thermo-
couplings 267 may be used to determine whether valve 2535
or 264 1s closed. The system may comprise two or more
thermocouplings with each thermocoupling on a separate
channel. Insulated conduit 268 1s insulated to limit heat loss
while mixed gas 1s transported through diffuser case 269.
Diffuser case 269 may contain T3 gas that exits high-
pressure compressor 204. Insulated conduit 268 may extend
from case 202 through diffuser case 269 to opening 270 1n
diffuser case wall 228. Mixed gas 272 may exit insulated
conduit 268 towards shailt 232 connecting high-pressure
compressor 204 to high-pressure turbine 208. Labyrinth
seals 274 may be disposed on either side of opening 270 to
keep mixed gas 272 flowing towards aft disks 222 and disks
226. Mixed gas 272 may flow through openings 276 1n shatt

232. Mixed gas 282 may tlow forward into the bore of aft
disks 222 to heat aft disks 222 of high-pressure compressor
204. Mixed gas 284 may tlow ait into the bore of disks 226
to heat disks 226 of high-pressure turbine 208. Heating the
central portion of aft disks 222 and disk 226 may reduce the
thermal gradlent in aft disks 222 and disk 226 while gas
turbine engine 200 accelerates and gas path 212 increases in
temperature. Thus, heating aft disks 222 and disk 226 may
reduce wear caused by thermal stress 1 aft disks 222 and
disk 226.

FIG. 3B illustrates a disk preheating system for gas
turbine engine 200, in accordance with various embodi-
ments. Takeoll port 290 may penetrate high-pressure turbine
to reach combusted T4.25 gas. Takeoll port 290 1s config-
ured to extract gas from high-pressure turbine 208 and
transport the gas through conduit 292 into nlet 260 of valve
255. Takeofl port 290 may be made of a high performance
nickel-chromium alloy such as an austenitic nickel-chro-
mium-based superalloy (e.g., INCONEL), metals, ceramics
or other materials suitable to withstand T4.25 gas tempera-
tures that may exceed 2,000° F. (1,095° C.) degrees when
gas turbine engine 200 1s operating at high speeds. Conduit
292 may be pipe or tubing made from metal, natural or
synthetic polymeric matenals (e.g., natural rubber and poly-
tetrafluoroethylene), ceramic or any material suitable to
withstand T4.25 gas temperatures. Conduit 292 may be
insulated to prevent heat loss during transmission.

In various embodiments, inlet 234 of valve 255 may
receive uncombusted 13 gas from takeofl port 250, and nlet
260 of valve 255 may receive combusted 14.25 gas from
takeofl port 290. Valve 255 mixes the uncombusted T3 gas
with the combusted T4.25 gas to produce a gas mixture with
the desired temperature. For example, the gas mixture may
have a predetermined desired temperature from about 800°
F.-1,200° F. (420° C.-630° C.), where the term “about” 1n
this context only may refer to +/-200° F. Other temperatures
may be possible as the gas mixture may be mixed to achieve
any temperature 1n the range between the 13 gas temperature
and the T4.25 gas temperature. For example, valve 235 may
output a mixture comprising 100% T4.25 gas to provide a
mixture at the T4.25 gas temperature. Similarly, valve 2355
may output a mixture comprising 100% T3 gas to provide a
mixture at the T3 gas temperature. Valve 255 may also
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output any intermediate mixture of T3 and T4.25 gas such as
33% T3 gas and 67% T4.25 gas to provide an intermediate
temperature gas.

In various embodiments, valve 255 may comprise a
remote actuator located 1n a cool part of the nacelle to open
and close valve 255. The remote actuator may adjust the
amount of T4.25 gas and T3 gas in the mixture leaving valve
255 through outlet 261. Thus, valve 255 may be used to
control the temperature of the mixed gas.

FIG. 3C illustrates a disk preheating system for gas
turbine engine 200, in accordance with various embodi-
ments. Takeoll port 296 may enter gas path 212 between
high-pressure turbine 208 and low-pressure turbine 210 to
reach T4.5 gas. Takeoll port 296 1s configured to extract gas
from gas path 212 and transport the gas through conduit 298
into inlet 260 of valve 2355. Takeoll port 296 may be made
of a high performance nickel-chromium alloy such as an
austenitic nickel-chromium-based superalloy (e.g., INC-
ONEL), metals, rubbers, ceramics or other maternials suitable
to withstand T4.5 gas temperatures that may exceed 1,500°
F. (815° C.) degrees when gas turbine engine 200 1s oper-
ating at high speeds. Conduit 298 may be pipe or tubing
made from metal, natural or synthetic polymeric materials
(e.g., natural rubber and polytetratfluoroethylene), plastic,
ceramic or any material suitable to withstand T4.5 gas
temperatures. Conduit 298 may be insulated to prevent heat
loss during transmission.

In various embodiments, inlet 254 of valve 255 may
receive uncombusted T3 gas from takeodl port 250, and 1nlet
260 of valve 255 may receive combusted T4.5 gas from
takeoll port 296. Valve 255 mixes the uncombusted 13 gas
with the combusted T4.5 gas to produce a gas mixture with
the desired temperature. For example, the gas mixture may
have a predetermined desired temperature from about 800°
F.-1,200° F. (420° C.-630° C.), where the term “about” 1n
this context only may refer to +/-200° F. Other temperatures
may be possible as the gas mixture may be mixed to achieve
any temperature 1n the range between the 13 gas temperature
and the T4.5 gas temperature. For example, valve 255 may
output a mixture comprising 100% T4.5 gas to provide a
mixture at the T4.5 gas temperature. Similarly, valve 255
may output a mixture comprising 100% T3 gas to provide a
mixture at the T3 gas temperature. Valve 255 may also
output any intermediate mixture of T3 and T4.5 gas such as
33% T3 gas and 67% T4.5 gas to provide an intermediate
temperature gas.

In various embodiments, valve 255 may comprise a
remote actuator located 1n a cool part of the nacelle to open
and close valve 235. The remote actuator may adjust the
amount of T4.5 gas and T3 gas 1n the mixture leaving valve
255 through outlet 261. Thus, valve 255 may be used to
control the temperature of the mixed gas.

FIG. 4 1llustrates a flow chart of the logical operations to
implement an exemplary methodology for controlling
operation of a disk heating system, in accordance with
vartous embodiments. The flow chart of FIG. 4 may be
thought of as depicting steps of a method carried out by the
Full Authority Digital Engine Control (FADEC) or a sepa-
rate controller. Although FIG. 4 shows a specific order of
executing functional logic blocks, the order of executing the
blocks may be changed relative to the order shown. Also,
two or more blocks shown 1n succession may be executed
concurrently or with partial concurrence. Certain blocks also
may be omitted. In addition, any number of functions,
logical operations, commands, state variables, semaphores
or messages may be added to the logical flow for purposes
of enhanced utility, accounting, performance, measurement,
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troubleshooting, and the like. It 1s understood that all such
variations are within the scope of the present invention.

Beginning with block 300, the system commands the
actuator to open valve 255 1n response to the aircraft being
at 1dle on the ground prior to takeofl. For example, 1f gas
turbine engine 200 1s at ground 1dle prior to takeoil then
valve 255 should be opened to heat aft disks 222 and/or
disks 226. In response to gas turbine engine 200 1s operating
at a predetermined speed above ground idle, valve 2535
should be closed to prevent overheating aft disks 222 or
disks 226. If the aircrait 1s 1n a permitted state to open valve
255, then the control system may command the actuator to
open valve 255 1n block 300. If the operational state of the
aircrait 1s not 1n a permitted state to open valve 2535, then the
control system may not open valve 255. The permitted states
may include when the engine 1s operating at ground 1idle
prior to takeoll. For example, 11 the aircraft has taken ofl but
returned an engine to ground-idle speeds then the aircraft
may not be 1n a permitted state for valve 255 to be opened.

In block 302, the system monitors A and B channel
temperature readings from A and B channel thermocou-
plings 267, respectively. Thermocouplings 267 provide tem-
perature readings and may be compared to one another or to
engine speed to determine whether a thermocoupling has
tailed. In block 304, A and B temperatures may be compared
to engine speed to determine whether a thermocoupling 267
has failed. For example, channel A has a thermocoupling
267 and channel B has a thermocoupling 267 where both
take imndependent temperature measurements. If channel A
and B temperatures substantially match each other, but
neither temperature corresponds to engine speed, then the
engine may be shut down or reduced to 1dle 1 block 306. If
the channel A temperature reading corresponds with the
engine speed, but the channel B temperature does not match
the engine speed, then the system may leave valve 255 open
until engine speeds accelerate above ground 1dle (1.e., the
aircraft begins acceleration down the runway). If both A
channel and B channel temperatures substantially match
cach other and also correspond to the engine speed, the
system may leave valve 2355 open until engine speeds
accelerate above ground 1dle (1.e., the aircraft begins accel-
eration down the runway).

In block 308, the engine speed may be checked to
determine whether the aircrait has begun acceleration down
the runway. For example, the engine may be at ground idle
speeds, takeoll speeds, or flight 1dle speeds with each range
of engine speeds varying depending on the aircrait. The
engine speed may be used to determine whether the engine
1s operating at a speed for which valve 255 should be closed.
For example, valve 2535 should be closed when the engine 1s
operating within a predetermined closing range of operating
speeds above ground 1dle (1.e., after takeofl) or when the
temperatures measured by the A and B channel thermocou-
plings indicate that the temperature 1s too hot. Thus, 1f the
current engine speed matches the closing range then the
control system may command the valve actuator to close
valve 255 1n block 310. If the current engine speed does not
match the closing range, then the control system may return
to block 302 to continue monitoring the A and B tempera-
tures.

After the control system has closed valve 2355, the system
may continue to monitor the state of valve 2535 to ensure safe
operation. In block 312, the control system determines
whether valve 255 1s opened, partially opened or closed. For
example, thermocouplings 267 measure the temperature
downstream from valve 255 and can be used to determine
whether the air temperature tends to suggest that valve 2355
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1s at least partially open or closed. If the valve state 1s at least
partially open at block 314 then the open state may indicate
a valve failure. In block 316 the valve failure i1s handled.
Valve failure may be handled by a warning light or display,
closing valve 264, reducing engine speed to 1dle, shutting
down the engine, or taking no action depending on the
desired response to a valve failure. It the valve state 1s closed
at block 314 then valve 255 may be operating normally. The
system may either continue to monitor valve 255 or termi-
nate from block 318.

Benefits, other advantages, and solutions to problems
have been described herein with regard to specific embodi-
ments. Furthermore, the connecting lines shown in the
various figures contained herein are intended to represent
exemplary functional relationships and/or physical cou-
plings between the various elements. It should be noted that
many alternative or additional functional relationships or
physical connections may be present 1n a practical system.
However, the benefits, advantages, solutions to problems,
and any elements that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as critical, required, or essential features or ele-
ments of the mventions. The scope of the iventions 1s
accordingly to be limited by nothing other than the appended
claims, in which reference to an element in the singular 1s
not intended to mean “one and only one™ unless explicitly so
stated, but rather “one or more.” Moreover, where a phrase
similar to ““at least one of A, B, or C” 1s used 1n the claims,
it 1s intended that the phrase be interpreted to mean that A
alone may be present in an embodiment, B alone may be
present 1n an embodiment, C alone may be present 1n an
embodiment, or that any combination of the elements A, B
and C may be present in a single embodiment; for example,
Aand B, Aand C, B and C, or A and B and C.

Systems, methods and apparatus are provided herein. In
the detailled description herein, references to ““various
embodiments”, “one embodiment”, “an embodiment”, “an
example embodiment”, etc., indicate that the embodiment
described may include a particular feature, structure, or
characteristic, but every embodiment may not necessarily
include the particular feature, structure, or characteristic.
Moreover, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature, struc-
ture, or characteristic 1s described in connection with an
embodiment, 1t 1s submitted that 1t 1s within the knowledge
of one skilled 1n the art to aflect such feature, structure, or
characteristic 1n connection with other embodiments
whether or not explicitly described. After reading the
description, it will be apparent to one skilled 1n the relevant
art(s) how to implement the disclosure 1n alternative
embodiments.

Furthermore, no element, component, or method step 1n
the present disclosure 1s mntended to be dedicated to the
public regardless of whether the element, component, or
method step 1s explicitly recited in the claims. No claim
clement herein 1s to be construed under the provisions of 35
U.S.C. 112(1), unless the element 1s expressly recited using
the phrase “means for.” As used herein, the terms “com-
prises”’, “‘comprising’, or any other variation thereof, are
intended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a list of
clements does not include only those elements but may
include other elements not expressly listed or inherent to
such process, method, article, or apparatus.

What 1s claimed 1s:

1. A gas-circulation system for conditioning a disk 1n a gas

turbine engine, the gas-circulation system comprising:
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a first takeofl port configured to extract a combusted gas
from a turbine engine combustor;
a second takeoil port configured to extract an uncom-
busted gas; and
a first valve comprising a mixing valve and an inlet in
fluid communication with the first takeofl port and the
second takeoll port, and an outlet of the first valve 1n
fluid communication with the disk,
wherein the mixing valve 1s configured to mix the com-
busted gas with the uncombusted gas 1n the first valve
to obtain a mixed gas with a desired temperature to heat
a portion of the disk proximate to a bore of the disk.
2. The gas-circulation system of claim 1, further com-
prising a second valve tfluidly coupled between the outlet of
the first valve and the disk.
3. The gas-circulation system of claim 2, further com-
prising a first thermocoupling thermally coupled to a valve
outlet of the second valve.

4. The gas-circulation system of claim 3, further com-
prising a second thermocoupling thermally coupled to the
valve outlet of the second valve.

5. The gas-circulation system of claim 2, wherein the
second valve 1s configured to fail 1n a closed position.

6. The gas-circulation system of claim 1, further com-
prising:
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wherein the first takeofl port 1s 1n fluild communication
with the turbine engine combustor:

a turbine 1n fluid communication with and configured to
be driven by the combusted gas from the turbine engine
combustor; and

a compressor 1n fluid communication with and configured
to supply the uncombusted gas to the turbine engine
combustor, wherein the second takeoil port 1s 1 fluid
communication with the compressor.

7. The gas-circulation system of claim 6, wherein the first
takeofl port extracts the combusted gas forward of the
turbine.

8. The gas-circulation system of claim 6, wherein the first
takeoil port extracts the combusted gas from a location
between a high-pressure turbine and a low-pressure turbine.

9. The gas-circulation system of claim 6, wherein the first
takeoll port extracts the combusted gas from a high-pressure
turbine.

10. The gas-circulation system of claim 6, further includ-
ng:

a second valve comprising an inlet of the second valve 1n
fluid communication with the first takeofl port and the
second takeoil port; and

a valve outlet of the second valve 1n fluid communication

with the disk.
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